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1 . .. Abstract 


S A semiconductor device includes a first electrode formed of a silicon-family material, a dielectric layer 
| formed by sequentially supplying reactants on the first electrode, and a second electrode having a work 
| function larger than that of the first electrode, with the second electrode being formed on the dielectric 
1 layer. The first electrode and the second electrode can be a lower electrode and an upper electrode, 
1 respectively, in a capacitor structure. Also, the first electrode and the second electrode can be a silicon 
I substrate and a gate electrode, respectively, in a transistor structure. A stabilizing layer, which is, for 
' example, a silicon oxide layer, a silicon nitride layer, or a composite layer of the silicon oxide layer and 
1 the silicon nitride layer, for facilitating the formation of the dielectric layer by hydrophilizing the surface of 
1 the first electrode, may be formed on the first electrode. The dielectric layer can be formed by an atomic 
I layer deposition method. Accordingly, in the semiconductor device, it is possible to improve the insulating 
1 characteristic of the dielectric layer and to increase a capacitance value in the capacitor structure 
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CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application is based upon and claims priority from Korean Patent Application No. 99-33520 
filed Aug. 14, 1999, the contents of which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
[0002] 1. Field of the Invention 

[0003] The present invention relates to a semiconductor device and a method for manufacturing the 
same. More particularly, the present invention relates to a semiconductor device in which it is possible to 
improve the insulating characteristics of a high dielectric layer (a dielectric layer with a large dielectric 
constant) when a semiconductor material is used as a lower electrode. The invention also relates to a 
method for manufacturing the same. 
[0004] 2. Description of the Related Art 

[0005] Normally, semiconductor devices have a structure in which a dielectric layer is formed between a 
lower electrode and an upper electrode. For example, a transistor structure in which a dielectric layer (a 
gate insulating layer) and a gate electrode are sequentially formed on a silicon substrate, which operates 
as the lower electrode. A capacitor structure having the dielectric layer and an upper electrode are 
sequentially formed on the lower electrode. 

[0006] The insulating characteristic of the dielectric layer which exists between the upper electrode and 
the lower electrode is very important. For example, the breakdown voltage characteristic of a transistor is 
influenced by the insulating characteristic of the dielectric layer in the transistor structure/Capacitance 
values vary according to the insulating characteristic of the dielectric layer in the capacitor structure. 
[0007] In particular, the capacitance value becomes large when the surface area and the dielectric 
constant of the dielectric layer in the capacitor structure are large. Thus, a polysilicon layer by which a 
three-dimensional structure is easily realized is used as the lower electrode. Also, a tantalum oxide layer 
(Ta205) or a BST (BaSrTi03) layer having a high dielectric constant is used as the high dielectric layer. 
However, when the high dielectric layer, such as the tantalum oxide layer (Ta205) or the BST 
(BaSrTi03) layer, is used as the dielectric layer, processes become complicated since subsequent 
processes are needed in order to obtain a stable capacitor. In the case of the Ta205 or the BST layer 
being used as the dielectric layer, the material of the upper and lower electrodes must be changed. 
Therefore, in the capacitor structure, it is necessary to improve the insulating characteristic of the high 
dielectric layer when a polysilicon layer is used as the lower electrode. 

SUMMARY OF THE INVENTION 

[0008] Thus, to overcome the problems noted above with the prior art, the present invention provides a 
semiconductor device wherein it is possible to improve the insulating characteristic of a high dielectric 
layer when a silicon-family material is used as a lower electrode. 

[0009] Another feature of the present invention is to provide a method suitable for manufacturing the 
semiconductor device. 

[0010] Accordingly, to achieve the features noted above, a semiconductor device is provided, which 
includes a first electrode formed of a silicon-family material, a dielectric layer formed on the first 
electrode by sequentially supplying reactants, and a second electrode having a work function larger than 
that of the first electrode formed of the silicon-family material. The second electrode is formed on the 
dielectric layer. 

[001 1] In addition, the present invention provides a method for manufacturing a semiconductor device, 
with the method including the steps of forming a first electrode formed of a silicon-family material on a 
semiconductor substrate, forming a dielectric layer on the first electrode by sequentially supplying 
reactants, and forming a second electrode having a work function larger than that of the first electrode 
formed of the silicon-family material, with the second electrode being formed on the dielectric layer. 
[0012] The first electrode and the second electrode can be respectively used as a lower electrode and 
an upper electrode in a capacitor structure. Also, the first electrode and the second electrode can be 
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respectively used as a silicon substrate and a gate electrode in a transistor structure. 
[0013] The second electrode can be formed of a metal layer, a refractory metal layer, an aluminum layer, 
- a conductive oxide layer, a combination of the above, or a double layer in which a material layer having a 
work function larger than that of the silicon-family material and a polysilicon layer doped with impurities 
are sequentially formed. 

[0014] A stabilizing layer, such as a silicon oxide layer, a silicon nitride layer, or a composite layer of the 
silicon oxide layer and the silicon nitride layer, for facilitating the formation of the dielectric layer by 
hydrophilizing the surface of the first electrode can also be formed on the first electrode. The dielectric 
layer can be formed by an atomic layer deposition method, 

[0015] According to the present invention, the silicon-family material is used as the lower electrode. The 
dielectric layer is formed by an atomic layer deposition method, and the upper electrode is formed of a 
material layer having a work function larger than that of the lower electrode. Accordingly, it is possible to 
improve the insulating characteristic of the dielectric layer and to increase the capacitance value in the 
capacitor structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] These and other features, characteristics, and advantages of the present invention will become 
more apparent by describing in detail preferred embodiments thereof with reference to the attached 
drawings. In the drawings: 

[0017] FIG. 1 is a cross-sectional view showing a semiconductor device according to a first embodiment 
of the present invention; 

[0018] FIG. 2 shows a cross-sectional view of a semiconductor device according to a second 
embodiment of the present invention; 

[0019] FIGS. 3A-3C and 4A-4G schematically show the barrier heights and equivalent circuits of a 
conventional capacitor and the capacitor according to the first embodiment, respectively; 
[0020] FIG. 5 is a graph showing leakage current densities according to a voltage, of a conventional 
capacitor (SIS) and a MIS capacitor of the present invention; 

[0021] FIG. 6 is a graph showing barrier heights of the conventional SIS capacitor and the MIS capacitor 
according to the present invention; 

[0022] FIGS. 7 and 8 are graphs showing the leakage current densities as a function of voltage of the 

MIS capacitor of the present invention and the conventional SIS capacitor, respectively; 

[0023] FIG. 9 is a graph showing processes of supplying and purging the respective reactants while the 

dielectric layer of the capacitor shown in FIG. 1 is formed by an atomic layer deposition method; 

[0024] FIG. 10 is a graph showing the uniform thickness of the dielectric layer formed by the atomic layer 

deposition method of the present invention; 

[0025] FIGS. 1 1 A and 1 1 B show the x-ray photoelectron spectroscopy (XPS) peak value of the dielectric 
layer formed by the atomic layer deposition method according to the present invention; 
[0026] FIGS. 12 and 13 are cross-sectional views illustrating a method for manufacturing the capacitor of 
the semiconductor device shown in FIG. 1 ; and 

[0027] FIG. 14 is a graph showing the thicknesses of an aluminum oxide layer versus number of cycles 
in cases where a stabilizing layer is represented by the line (a), and is not formed on the surface of the 
lower electrode in the MIS capacitor of the present invention. 

DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENTS 

[0028] Illustrative embodiments of the present invention will now be described with reference to the 
accompanying FIGURES. 

[0029] FIG. 1 is a cross-sectional view showing a semiconductor device according to a first embodiment 
of the present invention. More specifically, the semiconductor device according to the present invention 
has a capacitor structure. Namely, the semiconductor device of the present invention includes lower 
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electrode 33 of a capacitor, dielectric layer 37, and upper electrode 39 of the capacitor used as a second 
electrode. All elements, lower electrode 33, dielectric layer 37 and upper electrode 39 are formed on 
semiconductor substrate 31, which is, i.e., a silicon substrate used as a first electrode. In FIG. 1, 
reference numeral 32 denotes an inter level dielectric layer. 

[0030] Lower electrode 33 is formed of a layer made of a silicon-family material from which a three- 
dimensional structure is easily formed, e.g., a polysilicon layer doped with impurities such as phosphorus 
(P). Dielectric layer 37 is formed by an atomic layer deposition method in which reactants are 
sequentially supplied. Since dielectric layer 37 is formed by an atomic layer deposition method, the 
dielectric layer 37 has an excellent step coverage characteristic. Dielectric layer 37 is formed of an 
aluminum oxide, an aluminum hydroxide, Ta205 , BST (BaSrTi03), SrTi03, PbTi03, PZT (PbZrxTM- 
x03), PLZT (PZT doped with La), Y203, Ce02, Nb205, Ti02, Zr02, Hf02, Si02, SiN, Si3N4 or any 
combination of the above. Upper electrode 39 is formed of a layer of material having a work function 
larger than that of lower electrode 33 formed of the silicon-family material. Upper electrode 39 is formed 
of a metal layer such as Al, Ni, Co, Cu, Mo, Rh, Pd, Sn, Au, Pt, Ru, and Ir, a refractory metal layer such 
as Ti, TiN, TiAIN, TaN, TiSiN, WN, WBN, CoSi, and W, a conductive oxide layer such as Ru02, Rh02, 
and Ir02, combinations of the above, or a double layer in which a material layer having a work function 
larger than that of the silicon-family material and a polysilicon layer doped with impurities are 
sequentially formed. 

[0031] When upper electrode 39 has a work function larger than that of the lower electrode 33, it is 
possible to improve the insulating characteristic of the dielectric layer by reducing the amount of current 
which flows from the lower electrode 33 to the upper electrode 39 as mentioned below. 
[0032] Furthermore, in the semiconductor device according to the present invention, stabilizing layer 35, 
which is, e.g., a silicon oxide layer, a silicon nitride layer, or a composite layer of the silicon oxide and the 
silicon nitride layers, facilitates the formation of dielectric layer 37, and is formed on the lower electrode 
33 of the capacitor. For example, when the dielectric layer is formed using an atomic layer deposition 
method, stabilizing layer 35 is a hydrophilic layer which hydrophilizes the surface of lower electrode 33 in 
the case where the reactant supplied on lower electrode 33 is a hydrophilic material. 
[0033] FIG. 2 shows a cross-sectional view of a semiconductor device according to a second 
embodiment of the present invention. To be specific, the semiconductor device according to the second 
embodiment of the present invention has a transistor structure rather than a capacitor structure as in 
FIG. 1. The semiconductor device according to the present invention includes silicon substrate 61, which 
is doped with impurities such as phosphorus (P), arsenic (As), boron (Br), and fluorine (F), used as the 
first electrode, gate insulating layer 65, used as the dielectric layer, and gate electrode 67, used as the 
second electrode. 

[0034] Namely, in the semiconductor device according to the second embodiment of the present 
invention, silicon substrate 61 and gate electrode 67, respectively, correspond to the lower electrode and 
the upper electrode, compared with the semiconductor device according to the first embodiment of the 
present invention. In FIG. 2, reference numeral 62, which is an impurity doping region, denotes a source 
or drain region. 

[0035] Gate insulating layer 65 is formed by an atomic layer deposition method including the sequential 
supply of reactants. Since gate insulating layer 65 is formed by an atomic layer deposition method, gate 
insulating layer 65 has an excellent step coverage characteristic. Gate insulating layer 65 is formed of an 
aluminum oxide, an aluminum hydroxide, Ta205, BST (BaSrTi03), SrTi03, PbTi03, PZT, PLZT, Y203, 
Ce02, Nb205, Ti02, Zr02, Hf02, Si02, SiN, Si3N4or any combination thereof. 
[0036] Gate electrode 67 is formed of a layer of material having a work function larger than that of lower 
electrode 61, which is formed of the silicon-family material. Gate electrode 67 is formed of a metal layer 
such as Al, Ni, Co, Cu, Mo, Rh, Pd, Sn, Au, Pt, Ru, and Ir, a refractory metal layer such as Ti, TiN, TiAIN, 
TaN, TiSiN, WN, WBN, CoSi, and W, a conductive oxide layer such as Ru02, Rh02, and Ir02, any 
combination thereof, or a double layer in which a layer of material having a work function larger than that 
of the silicon-family material and a polysilicon layer doped with impurities are sequentially formed. 
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[0037] When gate electrode 67 has a work function larger than that of the silicon substrate 61 , it is 
possible to improve the insulating characteristic of gate insulating layer 65 since it is possible to reduce 
* the amount of current which flows from silicon substrate 61 to gate electrode 67. 
[0038] Furthermore, in the semiconductor device of the present invention, stabilizing layer 63, which is, 
e.g., a silicon oxide layer, a silicon nitride layer, or a composite layer of the silicon oxide and the silicon 
nitride layers, for facilitating the formation of gate insulating layer 65, is formed on the silicon substrate 
61. For example, when the dielectric layer is formed using an atomic layer deposition method, stabilizing 
layer 63 is a hydrophilic layer which hydrophilizes the surface of silicon substrate 61 in the case where 
the reactant supplied to silicon substrate 61 is a hydrophilic material. 

[0039] The insulating characteristic of the dielectric layer will be described with reference to the first 
embodiment, i.e., the capacitor structure, for the sake of convenience. The description of the insulating 
characteristic of the dielectric layer can also be applied to the transistor structure in the second 
embodiment. That is to say, the lower electrode of the capacitor corresponds to the silicon substrate of 
the transistor and the upper electrode of the capacitor corresponds to the gate electrode of the transistor. 
[0040] FIGS. 3A-3C and 4A-4C schematically show the barrier heights and equivalent circuits of a 
conventional capacitor and the capacitor of FIG. 1 , respectively. 

[0041] To be specific, FIGS. 3A-3C illustrate barrier height and equivalent circuit Of the conventional 
capacitor. In the conventional capacitor shown in FIGS. 3A-3C, the upper and lower electrodes are 
formed of a polysilicon layer doped with impurities and the dielectric layer is formed of an aluminum 
oxide layer having a thickness of 60 A using an atomic layer deposition method (SIS capacitor). FIGS. 
4A-4C depict the barrier height and equivalent circuit of the capacitor of FIG. 1 . In the capacitor of FIGS. 
4A-4C, which is preferably a metal-insulator-semiconductor (MIS) capacitor, the lower electrode is 
formed of the polysilicon layer doped with impurities as the silicon-family material layer. The dielectric 
layer is formed of ah aluminum oxide layer having a thickness of 60 A using an atomic deposition 
method, and the upper electrode is formed of a TiN layer having a work function larger than that of the 
lower electrode. In the MIS capacitor of the present invention, the upper electrode can be formed of a 
double layer including the TiN layer and the polysilicon layer doped with impurities. In this case, the 
polysilicon layer doped with impurities controls the surface resistance from the viewpoint of the operation 
of the semiconductor device. 

[0042] In FIGS. 3A-3C and 4A-4C, electrons which exist in the lower electrode can move to the upper 
electrode by passing through a first resistance component 41 corresponding to an initial barrier (a) and a 
second resistance component 43 of the dielectric layer when a positive bias is applied to the upper 
electrode. 

[0043] In the capacitor of the present invention shown in FIGS. 4A-4C, the electrons pass through the 
initial barrier (a) and move toward the upper electrode having a higher barrier than the prior art capacitor 
when a positive bias voltage is applied to the upper electrode. At this time, since a slope is formed by the 
difference (b2^a) between the barrier of the lower electrode and the barrier of the upper electrode, this 
slope operates as a third resistance component 45 which prevents the flow of the electrons, thus 
preventing the electrons from flowing from the lower electrode to the upper electrode, and thus improving 
the insulating characteristic of the dielectric layer. 

[0044] When a negative-bias voltage is applied to the upper electrode (FIGS. 3C and 4C), it is difficult for 
the electrons to move from the upper electrode to the lower electrode due to fourth resistance 
components 47a and 47b caused by large initial barriers b1 and b2. In particular, since the initial barrier 
height b2 of the capacitor of the present invention in FIG. 4 is higher than the initial barrier height b1 of 
the capacitor in FIG. 3, the fourth resistance component 47b of the present invention is larger than the 
conventional fourth resistance component 47a. 

[0045] FIG. 5 is a graph showing leakage current densities according to voltage of the conventional SIS 
capacitor and the MIS capacitor of the present invention. FIG. 6 is a graph showing the barrier heights of 
the conventional SIS capacitor and the MIS capacitor of the present invention. 
[0046] To be specific, as shown in FIG. 5, when the leakage current density is 1E-7A/cm, which is 
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allowable in a general semiconductor device, the MIS capacitor of the present invention shows a take off 
point which is larger than that of the conventional SIS capacitor by 0.9 V. Such a phenomenon is caused 
by the difference between the barrier height of the lower electrode and the barrier height of the upper 1 
electrode as shown in FIGS. 4A and 6. In FIG. 6, the X axis denotes energy corresponding to the barrier 
height and a Y axis denotes the barrier height. Jmax denotes a current density at 125[deg.] C. and Jmin 
denotes a current density at 25[deg.J C. As shown in FIG. 6, a peak point at the positive bias voltage 
denotes energy corresponding to the barrier height. The peak point is 1.42 eV in the conventional SIS 
capacitor and 2.35 eV in the MIS capacitor according to the present invention. 

[0047] The difference between the barrier height of the conventional SIS capacitor and the barrier height 
of the MIS capacitor according to the present invention is 0.93 eV. This difference is equivalent to the 
difference (b2-a) with reference to FIG. 4A. Therefore, the MIS capacitor according to the present 
invention has a take off point larger than that of the conventional SIS capacitor by the difference (b2-a). 
That is to say, since the MIS capacitor according to the present invention can withstand a leakage 
current density corresponding to a voltage difference of about 0.9 V, it is possible to reduce the thickness 
of the dielectric layer, and thus, to increase capacitance. 

[0048] FIGS. 7 and 8 are graphs showing leakage current densities according to the voltage of the MIS 
capacitor and the conventional SIS capacitor, respectively. 

[0049] To be specific, in a general reference value where the leakage current density is about 1E- 
7A/cmand the voltage is 1.2 V, it is possible to allow an equivalent oxide layer to have the thickness of 
28 A in the case of the MIS capacitor according to the present invention and to allow an equivalent oxide 
layer to have the thickness of 41 A in the case of the conventional SIS capacitor. The reason for this is 
because the take-off point of the MIS capacitor according to the present invention is larger than that of 
. the SIS capacitor by a margin of about 0.9 V as mentioned above. 

[0050] The method of manufacturing the semiconductor device according to the first embodiment, i.e., 
the capacitor structure, will now be described. The description of the method of manufacturing the 
semiconductor device of FIG. 1, the capacitor structure, can be applied to the structure of the transistor 
of the second embodiment. Namely, the lower electrode of the capacitor corresponds to the silicon 
substrate of the transistor and the upper electrode of the capacitor corresponds to the gate electrode of 
the transistor. A method of forming the capacitor dielectric layer according to the present invention will be 
described first. 

[0051] FIG. 9 is a graph showing processes of supplying and purging the respective reactants when the 
dielectric layer of the capacitor shown in FIG. 1 is formed by an atomic layer deposition method. FIG. 10 
is a graph showing the uniform thickness of the dielectric layer formed by the atomic layer deposition 
method. FIGS, 1 1 A-1 1 B illustrate the x-ray photoelectron spectroscopy (XPS) peak value of the 
dielectric layer formed by the atomic layer deposition method. 

[0052] More specifically, the capacitor dielectric layer according to the present invention is formed by the 
atomic layer deposition method, which has an excellent step coverage characteristic. In the present 
embodiment, a case where the dielectric layer is formed of an aluminum oxide layer will be used as an 
example. In the atomic layer deposition method, a cycle, where a reaction gas (a reactant) containing 
aluminum is supplied to a chamber, then purged by an inert gas, and then an oxidizing gas is supplied to 
the chamber, then purged by the inert gas, is repeated. Therefore, the atomic layer deposition method 
according to the present invention includes an atomic layer epitaxy (ALE), a cyclic chemical vapor 
deposition (CVD), a digital CVD, and an AICVD. 

[0053] To be specific, as shown in FIG. 9, the aluminum oxide layer is formed on the semiconductor 
substrate, for example, the silicon substrate, by repeating several times, the cycle in which the reactant 
containing aluminum such as TMA[AI(CH3)3], AI(CH3)CI, and AICI3is supplied to the chamber, then 
purged by the inert gas, and an oxidizing gas such as H20, N20, N02, and 03 is supplied to the 
chamber, then purged by the inert gas: Namely, the aluminum oxide layer is formed by sequentially 
supplying a first reactant containing aluminum and a second reactant, which is an oxidizing gas. In the 
present embodiment, TMA is used as the reactant containing aluminum and H20 gas is used as the 
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oxidizing gas. 

[0054] The aluminum oxide layer obtained by using these gases has an exceptional, uniform thickness 
• according to the measurement positions shown in FIG. 10. In FIG. 10, among the points used for 
measurement, one point is at the center of a semiconductor wafer, four points are Spaced apart by 
90[deg.] on the circumference of a circle having a diameter of 1 .75 inches, and the other four points are 
spaced apart by 90[deg.] on the circumference of a circle having a diameter of 3.5 inches. 
[0055] When the aluminum oxide layer is XPS, measured as shown in FIGS. 1 1 A and 1 1B, only AI-0 
and 0-0 peaks are found. This confirms that the aluminum oxide layer is formed of oxygen and 
aluminum. In FIGS. 1 1A and 1 iB, the X axis denotes binding energy and the Y axis denotes counts. 
[0056] FIGS. 12 and 13 are cross-sectional views explaining a method of manufacturing the capacitor of 
the semiconductor device shown in FIG. 1. 

[0057] FIG. 12 shows the steps of forming lower electrode 33 and stabilizing layer 35. Inter level 
dielectric layer 32 is formed on the semiconductor substrate, for example, the silicon substrate, and a 
hole is formed therein. Lower electrode 33 which contacts semiconductor substrate 31 through the 
contact hole is formed on semiconductor substrate 31, with inter level dielectric layer 32 also being 
formed on substrate 31 . In particular, since lower electrode 33 is formed as a silicon-family material layer 
such as a polysilicon layer doped with impurities, lower electrode 33 can be formed to have various three- 
dimensional structures. 

[0058] Stabilizing layer 35 is formed to a thickness of 1 to 40 A to cover lower electrode 33 so that the 
dielectric layer, later formed on the surface of lower electrode 33, will be formed stably. Stabilizing layer 
35 is formed of a silicon nitride layer using a nitrogen-family gas, by a process with a thermal hysteresis 
such as a rapid thermal process (RTP), an annealing process, or a plasma process, or using a reactant 
including silicon and nitrogen, at a temperature of 900[deg.] C. and for a period of three hours. Also, 
stabilizing layer 35 can be formed of a silicon oxide layer using an oxygen-family gas by an annealing 
process, a thermal ultra-violet (UV) process, or a plasma process. In the present embodiment, the RTP 
is performed for about 60 seconds or the UV ozone process is performed at a temperature of 450[deg.] 
C. for three minutes, using a nitrogen source, for example, NH3 gas. 

[0059] The role of stabilizing layer 35 will be described with reference to FIG. 14. FIG. 14 shows the 
thicknesses in A of the aluminum oxide layer according to the number of cycles when the stabilizing 
layer is formed on the surface of the lower electrode (a) and when the stabilizing layer is not formed (b) 
on the surface of the lower electrode, as in the MIS capacitor according to the present invention. 
[0060] Stabilizing layer 35 allows the dielectric layer to be stably formed in a subsequent process. Since 
the surface of the polysilicon, which is lower electrode 33, is doped with impurities and is generally in a 
hydrophobic state, when the dielectric layer is formed using water vapor as the oxidizing gas, it is not 
possible to stably form the aluminum oxide layer on hydrophobic lower electrode 33. That is, when 
stabilizing layer 35 is not formed as shown in (b) of FIG. 14, the aluminum oxide layer begins to grow 
after an incubation period of 10 cycles. However, when stabilizing layer 35 is formed, the surface of 
lower electrode 33 is changed to be hydrophilic. Accordingly, it is possible to stably form the aluminum 
oxide layer without the incubation period as shown in (a) of FIG. 14. In the present embodiment, 
stabilizing layer 35 is formed. However, the formation of the stabilizing layer may be omitted if 
necessary. 

[0061] FIG. 13 shows steps of forming dielectric layer 37. The aluminum oxide layer is formed on lower 
electrode 33 to a thickness of about the size of one atom, for example, about 0.5 to 100 A, by 
sequentially injecting the aluminum source and the oxidizing gas into the chamber. Dielectric layer 37 is 
formed of the aluminum oxide layer to a thickness of about 10 to 300 A by repeatedly performing the 
step of forming the aluminum oxide layer having a thickness of about the size of one atom. Dielectric 
layer 37 formed as mentioned above has an excellent step coverage due to the process characteristic of 
the atomic layer deposition method. For example, it is possible to have a step coverage of more than 
98% in a structure having an aspect ratio of 9:1 . 

[0062] After forming dielectric layer 37, a post-thermal treatment is performed in order to remove 
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impurities, to density the dielectric layer, and to obtain a stoichiometric dielectric layer of high quality. 
The post-thermal treatment can be performed using an UV ozone process, nitrogen annealing, oxygen 
annealing, wet oxidation, an RTP using gas including oxygen or nitrogen such as N2, NH3, 02, and 
N20, or vacuum annealing with a thermal hysteresis for a period of three hours at the temperature of 
900[deg.] C. Results obtained by performing some of the above processes are shown in Table 1. 

TABLE 1 
Thickness of 

dielectricOxygenUV ozoneOxygen RTP 
layer ( )annealingprocessannealingNitrogen 
28 0.7 (28.6)0.45 (27.6)0.9 (28.0) 
31 1 .25 (30.9)1 .55 (31 .2)1 .30 (30.2)1 .6 (30.3) 
33 1.8(33.1)2.05(33.6)1.85(32.5)2.1 (32.6) 

[0063] In Table 1, oxygen annealing is performed at a temperature of 750[deg.] C. for 30 minutes. The 
UV ozone process is performed with an energy of 20 milliwatts for 1 0 minutes. The oxygen RTP is 
performed at a temperature of 750[deg.] C. for three minutes. Nitrogen annealing is performed at a 
temperature of 750[deg.] C. for three minutes. The values of Table 1 denote refractive indices after the 
post-thermal treatment and the parenthesized numbers denote the thicknesses of the dielectric layer, in 
A, after the thermal treatment. As shown in Table 1 , samples on which the UV ozone process and 
nitrogen annealing are performed produce the best results in terms of the thickness of the dielectric layer 
and the refractive index. In the present embodiment, the post-thermal treatment is performed after 
forming the dielectric layer. However, performing the post-thermal treatment may be omitted. 
[0064] Then, as shown in FIG. 1, upper electrode 39 is formed on dielectric layer 37. Upper electrode 39 
is formed of the material layer having the work function larger than that of the lower electrode formed of 
the silicon-family material as mentioned above. Upper electrode 39 is formed of a metal layer such as Al, 
Ni, Co, Cu, Mo, Rh, Pd, Sn, Au, Pt, Ru, and Ir, a refractory metal layer such as Ti, TiN, TiAIN, TaN, 
TiSiN, WN, WBN, CoSi, and W, a conductive oxide layer such as Ru02, Rh02, and Ir02, any 
combination of the above, or a double layer in which a material layer having a work function larger than 
that of the silicon-family material and a polysilicon layer doped with impurities are sequentially formed. In 
the present embodiment, the upper electrode is formed of a double layer, with a TiN layer and a 
polysilicon layer doped with impurities. 

[0065] As mentioned above, in the semiconductor device according to the present invention, the 
dielectric layer is formed by an atomic layer deposition method and the upper electrode is formed of a 
material layer having a work function larger than that of the lower electrode when the normaily-used 
silicon-family material layer, for example, the polysilicon layer doped with impurities, is used as the lower 
electrode. By doing so, it is possible to improve the insulating characteristic of the dielectric layer and to 
increase the capacitance value in the capacitor structure. 

[0066] While the present invention has been described herein with reference to illustrative embodiments 
for particular applications, it should be understood that the invention is not limited thereto. Those having 
ordinary skill in the art and access to the teachings provided herein will recognize additional 
modifications, applications, embodiments and substitution of equivalents all fall within the scope of the 
invention. Accordingly, the invention is not to be considered as limited by the foregoing description, but 
instead is limited by the scope of the appended claims. 
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What is claimed is: 

• 1. A semiconductor device, comprising: 
a first electrode formed of a silicon-family material; 

a dielectric layer formed by sequentially supplying reactants on the first electrode; and 

a second electrode having a work function larger than that of the first electrode, the second electrode 

being formed on the dielectric layer. 

2. The semiconductor device of claim 1, wherein the dielectric layer is formed of a material selected from 
the group consisting of an aluminum oxide, an aluminum hydroxide, Ta205, BST (BaSrTi03), SrTi03 
PbTi03, PZT, PLZT, Y203, Ce02, Nb205, Ti02, Zr02, Hf02, Si02, SiN, Si3N4 and combinations 
thereof. 

3. The semiconductor device of claim 1 , wherein the second electrode is formed of a member selected 
from the group consisting of a metal layer, a refractory metal layer, a conductive oxide layer, a 
combination of the above, and a double layer in which a material layer having a work function larger than 
that of the silicon-family material and a polysilicon layer doped with impurities are sequentially formed. 

4. The semiconductor device of claim 3, wherein the metal layer is formed of a metal selected from the 
group consisting of Al, Ni, Co, Cu, Mo, Rh, Pd, Sn, Au, Pt, Ru, and Ir, the refractory metal layer is formed 
of a metal selected from the group consisting of Ti, TiN, TiAIN, TaN, TiSiN, WN, WBN, CoSi, and W, and 
the conductive oxide layer is formed of an oxide selected from the group consisting Ru02 Rh02 and 
Ir02. 

5. The semiconductor device of claim 1, wherein a stabilizing layer for facilitating the formation of the 
dielectric layer by hydrophilizing the surface of the first electrode is formed on the first electrode. 

6. The semiconductor device of claim 5, wherein the stabilizing layer is a member of the group 
comprising a silicon oxide layer, a silicon nitride layer, and a composite layer of the silicon oxide layer 
and the silicon nitride layer. 

7. The semiconductor device of claim 1 , wherein the dielectric layer is formed by an atomic layer 
deposition method. 

8. The semiconductor device of claim 7, wherein a reaction gas and a purging gas are sequentially 
supplied to a chamber in the atomic layer deposition method. 

9. A semiconductor device, comprising: 

a lower electrode of a capacitor formed of a silicon-family material; 

a dielectric layer formed by sequentially supplying reactants on the lower electrode; and 

an upper electrode of a capacitor formed on the dielectric layer and having a work function larger than 

that of the lower electrode. 

10. The semiconductor device of claim 9, wherein the upper electrode is formed of one of a metal layer, 
a refractory metal layer, a conductive oxide layer, a combination of the above, and a double layer in 
which a material layer having a work function larger than that of the silicon-family material and a 
polysilicon layer doped with impurities are sequentially formed. 

1 1 . The semiconductor device of claim 9, wherein a stabilizing layer for facilitating the formation of the 
dielectric layer by hydrophilizing the surface of the lower electrode is formed on the lower electrode. 

12. The semiconductor device of claim 1 1 , wherein the stabilizing layer is one of a silicon oxide layer, a 
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silicon nitride layer, and a composite layer of the silicon oxide layer and the silicon nitride layer. 

13. The semiconductor device of claim 9, wherein the dielectric layer is formed by an atomic layer 
deposition method. 

14. The semiconductor device of claim 13, wherein a reaction gas and a purging gas are sequentially 
supplied to a chamber in the atomic layer deposition method. 

15. A semiconductor device, comprising: 
a silicon substrate; 

a gate insulating layer formed by sequentially supplying reactants on the silicon substrate; and 

a gate electrode formed on the gate insulating layer and having a work function larger than that of the 

silicon substrate. 

16. The semiconductor device of claim 15, wherein the gate electrode is formed of one of a metal layer, 
a refractory metal layer, a conductive oxide layer, a combination of the above, and a double layer in 
which a material layer having a work function larger than that of the silicon-family material and a 
polysilicon layer doped with impurities are sequentially formed. 

17. The semiconductor device of claim 15, wherein a stabilizing layer for facilitating the formation of the 
gate insulating layer by hydrophilizing the surface of the silicon substrate is formed on the silicon 
substrate. 

18. The semiconductor device of claim 17, wherein the stabilizing layer is one of a silicon oxide layer, a 
silicon nitride layer, and a composite layer of the silicon oxide layer and the silicon nitride layer. 

19. The semiconductor device of claim 15, wherein the gate insulating layer is formed by an atomic layer 
deposition method. 

20. The semiconductor device of claim 19, wherein a reaction gas and a purging gas are sequentially 
supplied to a chamber in the atomic layer deposition method. 

21 . A method for manufacturing a semiconductor device, comprising the steps of: 
forming a first electrode of a silicon-family material on a semiconductor substrate; 
forming a dielectric layer by sequentially supplying reactants on the first electrode; and 

forming a second electrode having a work function larger than that of the first electrode, the second 
electrode being formed on the dielectric layer. 

22. The method of claim 21, wherein the step of forming the dielectric layer includes the step of using a 
material selected from the group consisting of an aluminum oxide, an aluminum hydroxide, Ta205, BST 
(BaSrTi03), SrTi03, PbTi03, PZT, PLZT, Y203, Ce02, Nb205, Ti02, Zr02, Hf02, Si02, SiN, Si3N4 
and combinations thereof. 

23. The method of claim 21, wherein the step of forming the second electrode includes the step of using 
a member selected from the group consisting of a metal layer, a refractory metal layer, a conductive 
oxide layer, a combination of the above, and a double layer in which a material layer having a work 
function larger than that of the silicon-family material and a polysilicon layer doped with impurities are 
sequentially formed. 

24. The method of claim 23, wherein the step of using a metal layer includes the step of using a metal 
selected from the group consisting of Al, Ni, Co, Cu, Mo, Rh, Pd, Sn, Au, Pt, Ru, and Ir, the step of using 
a refractory metal layer includes the step of using a refractory metal selected from the group consisting 
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of Ti, TiN, tiAIN, TaN, TiSiN, WN, WBN, CoSi, and W, and the step of using the conductive oxide layer 
includes the step of using a conductive layer formed of an oxide selected from the group consisting 
• Ru02, Rh02, and Ir02. 

25. The method of claim 21 , further comprising a step of forming a stabilizing layer for facilitating the 
formation of the dielectric layer on the first electrode after the step of forming the first electrode. 

26. The method of claim 25, wherein the step of forming the stabilizing layer includes the step of 
selecting the stabilizing layers from one of a silicon oxide layer, a silicon nitride layer, and a composite 
layer of the silicon oxide layer and the silicon nitride layer. 

27. The method of claim 21, wherein the step of forming the dielectric layer includes using an atomic 
layer deposition method. 

28. The method of claim 27, wherein the atomic layer deposition method includes the steps of 
sequentially supplying a reaction gas and a purging gas to a chamber. 

29. The method of claim 21 , further comprising a step of performing post-thermal treatment after the step 
of forming the dielectric layer. 

30. A method for manufacturing a semiconductor device, comprising the steps of: 

forming a lower electrode of a capacitor of a silicon-family material on a semiconductor substrate; 
forming a dielectric layer by sequentially supplying reactants on the lower electrode; and 
forming an upper electrode of a capacitor having a work function larger than that of the lower electrode, 
the upper electrode being formed on the dielectric layer. 

31. The method of claim 30, wherein the step of forming the upper electrode includes the step of forming 
the upper electrode from one of a metal layer, a refractory metal layer, an aluminum layer, a conductive 
oxide layer, a combination of the above, and a double layer in which a material layer having a work 
function larger than that of the silicon-family material and a polysilicon layer doped with impurities are 
sequentially formed. 

32. The method of claim 30, further comprising a step of forming a stabilizing layer for facilitating the 
formation of the dielectric layer by hydrophilizing the surface of the lower electrode after the step of 
forming the lower electrode. 

33. The method of claim 32, wherein the step of forming the stabilizing layer includes the step of forming 
the stabilizing electrode from one of a silicon oxide layer, a silicon nitride layer, and a composite layer of 
the silicon oxide layer and the silicon nitride layer. 

34. The method of claim 30, wherein the step of forming the dielectric layer includes the step of using an 
atomic layer deposition method. 

35. The method of claim 34, wherein the atomic layer deposition method includes the steps of 
sequentially supplying a reaction gas and a purging gas to a chamber. 

36. The method of claim 30, further comprising a step of performing post-thermal treatment after the step 
of forming the dielectric layer. 

37. A method for manufacturing a semiconductor device, comprising the steps of: 

forming a gate insulating layer by sequentially supplying reactants on a silicon substrate; and 
forming a gate electrode having a work function larger than that of the silicon substrate on the gate 
insulating layer. 
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38. The method of claim 37, wherein the step of forming the gate electrode includes the step of forming 
the gate electrode of one of a metal layer, a refractory metal layer, a conductive oxide layer, a 
combination of the above, and a double layer in which a material layer having a work function larger than 
that of the silicon-family material and a polysilicon layer doped with impurities are sequentially formed. 

39. The method of claim 37, further comprising a step of forming a stabilizing layer for facilitating the 
formation of the gate insulating layer by hydrophilizing the silicon substrate before forming the gate 
insulating layer. 

40. The method of claim 39, wherein the step of forming the stabilizing layer includes forming the 
stabilizing layer from one of a silicon oxide layer, a silicon nitride layer, and a composite layer of the 
silicon oxide layer and the silicon nitride layer. 

41. The method of claim 37, wherein the step of forming the gate insulating layer includes using an 
atomic layer deposition method. 

42. The method of claim 37, further comprising a step of performing post-thermal treatment after the step 
of forming the gate insulating layer. 
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H 3 ) 3 ] ', Al (CH 3 ) C 1 , A 1 C l.&k'WTtl'S 

:y>Aa%*s*ifc»t»fc** y^-iz&teixT*i£ 

WW-yiAl, H 2 0. N 2 C\ N0 2 , 0 3 %k' 

9)nmm-nmzmx'ti>. m=Fm%mkix 

lilg^JfXtf^v— (At om i c Layer E 
P i taxy) , *M 9 0v9it%M%& (eye 1 i 
c CVD) . T4 i J9)Vtt&Wttm (digital 
CVD) , AlCVD^#«|g*Saj^ffifflT^ 

vyytfx k *fmmte-tzii&zm^& z ktmt l 

^3 7iir^$-»>^btis r^5-^A*»fl: 

Ta 2 0 5 . B ST (BaSrTi0 3 ) . SrTi 
0 3 . PbTi0 3> PZT (PbZr.Ti^.Oa) . 
PLZT (La-CH-fy^Sfl^PZT) . Y 2 0 3 . 
Ce0 2 . Nb 2 0 5x Ti0 2 . ZrO;, Hf0 2 , Si 

o 2 . s iN&xvs isN^z&mxmiRztii 

l&tzli2&Lkfrt>ffif&.Zti&ZktfmU\ 
[003 1 ] ±g&€© 3 9 ttS> >J 3 ^SMMfflftSSfl 
fcTfiWSJ: 9ttW«$ca s *£ ^%«-c«ij£3*is. ± 

4«4BK^U 3y»*KJ: OftWWW** v^WtK 
y y^ny^t'co^WH-b°y^§^^y x 

vaymkmmmtfiiztitizmmx'hzzktfm i 

v\ ft*wwi. AlWkfCttAl . N i , Co, c 
u x Mo, Rh, Pd» Sn, Au, Pt, Ru, Ir 

o&mm. <m&&m&k lxi*t i . t i n , t i a 

IN. TaN, TiSiN. WN, WBN, CoSiX 

uwo&mm. mmmtimk lxhruo^ Rho 2 

Xit. a 1 %k'e>m&&m&. t i N^k'co^ii^jit 

tzitRu o 2 %k'comm.mu®kTMm i h - 1- yy 
ztrfixv isy^ymco-wmmfhtih . 

[0032] i^J: d t±gP«® 3 9^tt*5gHcSr. T 
««S3 3J:D*&<-ri£i:fc:J:9. «j*t*J:afc: 

[0033]$ ^IZ. *mt?>¥mftm : f-te* J r>^>9 
.C»W*«3 7<«BS*«»fci-*3SeflJ!3 5Sr»ft 

-tsit^jffa u\ witr, frie^tJS3 5J4BtF 
ants3 3±fctt»5*i*Rjeni*«a*^««*^. 

illETIW«3 3<0«lB*«WcttftS-e:*jH*fMI, ft 
flcWfcttS" y 3 yKICM, y'Jn ym<mxii.Ztit><?) 

m&fflmtfiztLX^&zktfnt 

[ 0 0 3 4 ] II 2 tt*5MH<^mif**PW* 2 ^HSfe^ 
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[0035] *^H3om20HS89g®o^NWt*^{i h 

mam ats, *ny, 7- / «ii: , «4 i 
h -vyfztifzi'O'z >mm 6it. tm#m t tx 

i o o 3 6 ] bp^, *mi(?>&2<7)mi&Bmn¥mfm 

TO* l vmffiMb \mth b. >- y 3 y£«6 i 
TSP«ffi 3 3 tC*tJS L , y- Mtffi 6 7 fthfllKS 3 9 

•t. 

[ 0 0 3 7 ] y- h^H6 5t±£JGft£JIGfctttt-?* 

mzm^izbtfjiWti^. y-MB»K6 5*M 
- imm<mm:i>e>b%& . n-rasy- Fie*i$i6 5« 

T/US-^AIWfcHi. T^S-^A*UMBBl, Ta 
2 0 6 , BST. SrTi0 3 , PbTi0 3 , PZT, P 
LZT\ Y 2 0 3 . Ce0 2 . Nb 2 0 5 . Ti0 2 ; ZrO 
2 . Hf0 2 . Si0 2 , S i NfeitfS i 3 N 4 #>£>&S 
SJ: DjHft£*il> 1 *fc«i2J2LLJ: D«M«tfi*£ 

[0038] friey- h«ai6 7«ix'j ayawMraa 
. friey- f«®6 7 ass i omBRc 

miii. AK Ni s Co s Cu, Mo N Rh s Pd s 
Sn s Au, Pt, Ru, I r<?>&m&. Ti , T i 
N s TiAIN, TaN, TiSiN, WN, WBN S 
CoS i t>L<\3.W<7)-&m&&m&. Ru0 2 , Rh0 2 
X12 I r 0 2 <ttfTOIftftK<> L< azti^m^tx 

ftftKfc ^t«W« F - tvySfltotfy ^ U a yf&b 

mmmti^-mrnxm^tii z t #m u\ - 

[0 0 3 9] C<7)J:dty-h«ffi6 7*^'j3y^ 
6 1 i 0 ftWBft***:* < $r*U* . £ id^^'J 
=J>««6 1 *^y- h®6i6 7^tM^SS[»5r^ 3 5: 

10 0 4 0] *m^mmmti^ i J 3 yWfce 1 ± 

AM 6 3 , JWWKteS' 'J a vKfltt, v 'J a vmm 
XltZtlL><r>m£®tfBl8.2tiX^hZktfm U\ 



&® (y-bt&mm) *jmtiM»£&»x. y'j 

[0041] OTT{iii#^S2±, **^S/*«e£ 

i nmrnmzmib ixrnmvg&i&mmiz 
^xmrnthw. m2<Dmtmmcobyy^xmm 
mmizmmmmx-zz. ip*>. ^-w^^TWWi 

[0042] 032ttfla4tt#*t^c^*^?&tf' 
11^^1111$ (barrier heig 

ht> bmmmb*WBmiz7ikit:wmx'$>&. 
[0043] msam^co^^^mm 
nftZmrmmmffiz^itz&ffiX'foz.. msomw 
*v'*i'?te±Mto*trFtm&i£XTm<fat> { H-e 

L^:^ (OT. S I Sdf^^-^^tljrri.) r-fts. 

>«t ®?mmmmzm^xmnfam e o ah§ 

OttWBRj^S^T i N«tt«lSLfc«^ (WT, M 
I S**rti,*bWth) TfcS. *IWftOMI S** 
rtis-SHZiiWXte. ±gP«ffi^T i NRk^«!ft3&«H- 

[0044] m3Rvm4T. iMtmtz&mw 

Bma£mm-z>tdsbcom i fi!a^4 1 1 , mmm 
m(?>&2mj&-ft4 3zw&Lx±&nm'^&wrt 

-6. 

[0045] td-?>T\ ^O^I&HJfcO^f-W^^fclfc 

ftti-">x&mtz>. zcrm. TmmMb±mmmb<m 
aonb 2 - a c j: 04 1 h wmimmmwfflim 

[0046] ±95mfii(Cg^*^TxmE* { EH!l[I$ 
ntf, WWREMb^ b 2 KJ:aS&4ffiifi|£#4 7a, 4 

<^&. 04O*^M J i'^ , ^^OU))iKMiS$ 
b 2 {i. HSO^^^^^^O^RMS^baO 
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[0047] 05«:fi£#<7)S I S*-W^*Xtf*W$l 
fflMi S^;NV?<DflElci3>^3lB£fflg$:Sl.ft 
/57T*J>9, 06lita»<OS I S^^y^atf*?! 

[ .0 0 4 8 3 12 5 ICS U:i a fc-HRWfr^NPWtfPC- 
If ST* SStfUBHftK 1 E - 7 A/ c m* £H LT^ 
*Uf, *^OM I S^Wti^ttflSWS I S*-W* 

y^io&o. 9v*#^$m£s^\ -r^t>*>«ix 

1 E - 7 A/c m 2 V£jg*. 4«EjW»0 . 

K 00 4.9] £ai3$^ttB4fttfla6fcS-*T» 
*KfcJ#ttfcaMEff3KiBBf*. ®6X\ X$tt 

a x Ji 1 2 5 X?TWBW«8KMEfc* U , Jminli2 

3fttf)S I saf-v^i^til. 4 2eV£jj*U *fl^5 
MI Sdr-vA-^{i2. 35eV£^-f. 
[00503 £0>i5teSaw>S I S*-W\V*k#36 
BgOM I S^^kfcUIMWSJitfO. 9 3 e V 
Sr^U ME»S«$HJ±ia4lcBiHBL^B:MiSSIIb 
2 -afc-grf*. ftoT. *WflOM I S**^* 
»illi!l»W«ll«)4W»'Maw)S I S^^iO 

^/^^ttfiawos i si off^mms^T'^o . 

[ 0 0 5 1 ] 07&tf08ti#*#3^J!<OM I <Wt 

y?&tft£#<os i s^-WN-y^cfc^-cmffifcitflS 

[00 5 23 ftftWKJi. *ffl. 2Vc7)fc#(OjffL« 
l E - 7 k v \ a -jRW*aW«**tfc«)K: 

2 8 AT* 9. fi!*^S I S^-WCS^OggtM 1 A 
*3&0J3?>M I S*-Wtj^<9*£fc§W£»< 
■C>ft«tt, *»LfcJ:3lc*W»«)MI S^WtS^ 

[ o o 5 3 ] 09ti0 1 fcmLtt-Trtisfnffl&im 
A-yy^Sg^U^^T'&D. HlOttlSFfJB 

7T-2i o,hh imi-mmmmzx o »jss*ifc»« 
[0054] #nsmit-m. *jh*o*+^s/^»« 



SrWfckoTKW-*. M ; FJKI«ia4H9<0i'3tcf- 
ft) ittlftLfcft, JpiStMr^f^-^Lfctt. IStfK 

imfp Jix ? k in ? u * ?<ftsws*is» r * y* 

A l cvD££t». 
[005 53 iOBlXKWUf. ®9<7)£olz*m 

mm. mtnisviymsLuzTMA ca i <c 

Hj)j], Al (CH 3 ) c u Aici 3 ^k*or;i^s 
^A*%£$ft£Rj£ft£^ W Wc«& LTTvS 
1S;WN--yL£tlL H 2 0, N 2 0. N0 2 , 0 3 £k' 

9 )V*®®Km-%> Z k (Ci <0 T)V $ x>> ARffiK£$ 
[00 5 6 3 *Hife^ST'{4r;W$-^A*%W$^ 

KimizTMAzmi. wcjfxzUiOtixb ix 
imtxft hixtzTiv $ -*7m.tt$»±m 1 ots-ri 

t\ 8J^te^tt^xWN<0(H>tf)lj£L ¥#fr*>x 
-AiMteMMCl. 7 54y^<4. 45cm)(0¥ 
■ g«r#t 6 PfC 9 0 KSPrat 4 ^ , x -J ^<P<b 

*msmz3. 54>?(8. 89cm) <&m&#th 

m-9 o«iaiBfc:4js<oif9jflrcft*. 

[00 57] 4fc. TA'S-^IWtRtXIfim^iHe 
& (xps) &M%lt:kz*>. 01 lfeit^ai 2tc 

fcT^i-^At M^M:, * 
fc, 01 1 St/01 2?, X(Wi»^X*/^-T* 

[00583 MV^T. *l|BBtC^|.=Jf^/N , >'^coMji^r 

ftS:Wcko-riKBfl-ri)3f)^ h^yv'x^offeco^ 

**. ifc, TSmSi 5 5rk'^KJilc{i«-«^tt<oSfSS' 
fflv^dk* s T'#l>. 

[00593 01 3iiTanttt3 3at^£4U83 5 £ 

[ o o 6 o 3 w , *m&m. ntnis u 3 >m%±. 

Wi 3 1 ±tc rntea y ^ ? h * -;Hr Ji tx mie^frS 
«3 1 k*«W4T»W83 3 #tc, *H 

BBcoraitffi 3 3 {i^*eii*s f - 1 * rztitzx u y u 

[00613 mz. miTm&±.izrnmm£®%£ 
Bf&tz>fzMzmiT%'m3 3$mtz%%ttM3 5 * 



!(8) 001-111000 (P2001-1 1^8 



i~4 ok<nw.^mmhztmt u\ wiess 

ftJK3 5fiRTP (Rap i d Thermal P r 

0 c e s s ) . T--V>7~TnXit7yX-?IM%b' 

vtm. tain, y 3 >Rvmmffi'kttifi:%m»im 
^t, 9oor. 3t%mm-t&ztiz£*)m£&#z 

y ^ «S*J1««fflu«ir LXi/ y 3 y& 

V*-Ti}X (NH 3 ) £fflWC6 0&1SKRTPXti: 

4 5 OT;T34HB*W«^/i'«ll,fc. 

[0 0 6 2] 01 5£ffiWC£5&flJl3 50f& 

MtCWLTilW*.- 01 5«i*^B3<^)MI S**;^ 

a Jg(£ L&V b t ^T;P 5 Ai!«c7)-9--< ? 
/I'Sfc 0 IPS LiZ^y 7X'h&. 

[0063] &mm.3 5iimmx*bhmmwmfc 
^xmmftmmm-m. «*tt<oTa5«®3 3±t- 

1 5 <?) b iZTjk Liz J: 3 ic&gftR 3 5 Sr^fig L&tm 

tf. i o-»m inv<rmvm*mtz&. t/ps 

L*>U 3c£fl«3 5£JBft**itf. T 
Sfffffi 3 3 ^)«H*W*ttfc:SaW4 . £<0fctf>. 0 1 

5 o a -ca* J: 3 izmvmzm c m*>iz7>i< s 



[0064] Hl4ttmffcR3 7*$j&?«gtf*ij; 
[006 5 ] 09i.lf, flulSTa5mfii3 3±.lZTfrz.-T} 

ximwz. mnmo. 5~i oo&wg<r>mz<v7 

SSrSfSLT^l 0~~3 0 0AgStf>JJ$tf>7VP$:^ 
A»ftJW»4.*SiW««3 7t»rtW6. iridic 
JBj£$*lSf8m«tI83 7liM^Jf sS^OIglfttJ:. 
ATvT/jJiU-isWftmzBkWXI&t L\>\ Ml 

V-i>* 9 8 %lii±iZt h Z b #T'# h . 

[0066] mmm3 1 zm&LLiz&j^wfa<m 

mmzfthtzMz&mm£-t&zbmtL\\ *& 
mamt lxu. *w*ty>«p. mmr--tu, m 

<«^T--yy^srfflv^ns. aaastfrHu **as 

(HUi^ 9 0 0Xl<?>i§&X'<?)3&fffl(r)!l}mtf^l/f 

*>tih. m^tom&imfoLizte&ZTunmzTK 

[0067] 

■[*1] 













28 


0.7(28.6) 




0.45#7.$) 


0.9(26.0) 


31 


1.25(30.9) 


1,55(31.2) 


1.30(30.2) 


1.6(30.3) 


33 


1.8(33.1) 


2.05(33.6) 


1.86(32.5) 


2.1(32.6) 



[00 68] mr. KSr--yy^(i7 5or:-c3 

04HS»9tU **MI*y>«J»i3 0 O'CT'2 0 mw 
att«x*/M?-T104HaeaftL. S?SRTP(i7 

5 0'CT"3^HSfeL, M^r^- y yT'ii 7 5 or-c* 
$&itwmm Ltz&nmmmtinw-z tt-t. muz 

imLMK mfL^^tht. 

[0069] mz, Hlfc^LfeJ: dfcSW#f|3 7± 
fc±*««3 9 BUteJbSP^€S3 9(ig!ii£L 

ii J: ^ tc^y 3>iMWrtU! JSSiifcTaWSU: 

ie±aJmSi3 9(iAl, Ni.Co.Cu.Mo, R 



h. Pd. Sn, Au. Pt. Ru, I r^rfc'iO^JR 
K. Ti s TiN. TiAIN, TaN, TiSiN, 
WN. WBN.CoSi, W^t'^KHL^^JaiK. Ru 

o,. Rho,. i ro t %t'<mmsimimx.iiztit> 

^ffl^-J: ifcttS^y aySfiftfT J: Ott«W 

v ^eiifc 7K8i3&s h - v>rztiizx y x y 
3 >Ht * J Ji<*:{^j£sn3tz*K'CfijS-f i. i b m 
tLw *mtmmx'n±mmmzT i mb*mn { 
h - 1 tiz* y v y 3 ymcoraii t tists 

[0070] mm (y-MftUKx , m«s (t& 

[ 0 0 7 1 ] feU:, tT*5H8*^«|5«fc: 

mm®mmn?)!&mizMii:<?)mizxi>*<n% 
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[0072] 

[minimi mmuzXoiz. *&m&PWMmi. 
[02] ^mffi^mwm^^^ms&m^i 

lfc6ty^Lfc0ffl"C£>&. 

[04] mi^-ff^wmi^tmmmtt^m. 

[05 ] t£#OS I S^+^^^at^*5H*0M I s 

[06 ] $*<0S I S**"s/?&t£t5MK>M I s 

[07 ] *SHH<0M I S*Ws?lzmhW±. 
T'J>I>. 

[08] M3fc<7)S I S^-V-Xi/fliZiUf&itB.^ WX 

$>%><, 



[09] mit,z*Ltz**;^7<?>imikmZfcirM 

[010] m^mmmmz* o »«sfifctt«*wiKo 

LtzVy iX'hh. 
[011] iffPJMMIiSfc J: 0 M^itM® 
X P S If- ?ffi£* LfcHffi"?* h . 
[012] K?Jlft*&tcJ: DMJWJW 
X PS t- ?ffi£r^ L£0MT'S> 6 o 
[013] 01 Lfc49Wt*F*>* v'WM 

[014] muz^Ltztrnwrnw**'^?^ 
mx'foi. 

[015] *%ffl<7)M I s^+yts^fctJiryCFSW 
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